Protein S (PS) de ciency, an autosomal dominant hereditary thrombophilia, is more prevalent in East Asian populations than in Caucasians. PS-de cient patients have historically been administered a heparin product followed by warfarin for the treatment and secondary prevention of venous thromboembolism (VTE). However, warfarin can be ine ective or causes detrimental e ects in rare cases. While direct oral anticoagulants (DOACs) are being increasingly used for the treatment and prevention of VTE, their e cacy in PS-de cient patients has not been established. We describe a 91-year-old woman who presented with chronic bilateral lower leg swelling with VTE that was refractory to warfarin anticoagulation therapy for over 1 year. Her recurrent VTE was diagnosed as quantitative hereditary PS de ciency. Rivaroxaban was administered as maintenance therapy instead of warfarin; after 8 weeks, the severities of the patient's leg swelling and venous ulcerations were signi cantly reduced with rivaroxaban compared to warfarin, thus demonstrating the e cacy of rivaroxaban for warfarin-refractory chronic VTE associated with hereditary PS de ciency. is case illustrates that rivaroxaban can potentially serve as therapeutic agents to treat warfarinrefractory VTE in PS-de cient patients. Further investigations are required to con rm the e cacy of rivaroxaban on the long term in this regard.
Introduction
Venous thromboembolism (VTE) develops from interactions between multiple genetic and environmental risk factors [1] . Hereditary thrombophilia that is common in East Asian populations involves dysfunction of the activated protein C anticoagulant system caused by protein S (PS) and protein C (PC) de ciencies [2] . e prevalence of PS deciency is 0.03-0.13% among Caucasians, whereas it is 1-2% in the Japanese population [3] . PS and PC are vitamin K-dependent glycoproteins that act as natural anticoagulants. PS-de cient patients have historically been administered a heparin product, followed by warfarin, for the treatment and secondary prevention of VTE. Warfarin not only functions as an anticoagulant by inhibiting vitamin K-dependent procoagulant factors (II, VII, IX, and X) but also inhibits the body's own production of the vitamin K-dependent natural anticoagulants, PS and PC. Since, in PS-de cient patients, warfarin can further decrease these natural anticoagulants, PS and PC, this may in turn o set the anticoagulant e ects of warfarin to exacerbate clotting or even precipitate new clots in certain cases. Since direct oral anticoagulants (DOACs) act by directly inhibiting thrombin or factor Xa without a ecting the synthesis of PS and PC, and because they have fewer drug-drug, drug-food, and drug-disease interactions compared to warfarin, they can be feasible alternatives for the treatment of warfarin-refractory patients [4] . In this case report, we describe the successful use of rivaroxaban in the treatment of a 91-year-old woman with chronic bilateral lower leg swelling and recurrent warfarin-refractory VTE with hereditary PS de ciency. swollen lower legs with exudate and venous ulcerations that were diagnosed as chronic lower extremity deep venous disease. Before admission to the current hospital, she had previously undergone repeated hospitalization elsewhere for recurrent leg swelling with VTE 4 times within 1 year, for a total of 6 months. During each hospitalization, she was extensively treated with anticoagulation therapy and had shown temporary improvement. While the bilateral/unilateral leg edema and thrombosis had improved on heparin treatment, it recurred repeatedly under warfarin anticoagulation maintenance therapy after discharge. Furthermore, the patient had a medical history of subtotal gastrectomy, cholecystectomy, and chronic kidney disease (CKD), but had no history of miscarriage, thrombosis during pregnancy, or venous thrombosis until the age of 90 years. e patient's lead surgeon from her previous hospital had reported that her prothrombin time-international normalized ratio (PT-INR) was unstable owing to CKD. Current laboratory tests revealed decreased renal function, proteinuria (creatinine (Cre): 1.69 mg/dL; urine protein: 1-2 g/g Cre), and elevated levels of D-dimer (12.4 µg/mL), which is a coagulation and brinolysis marker. PT-INR values measured on di erent days during treatment with 1 mg/day warfarin were 1.56, 2.39, and 4.31; they did not stabilize because of the patient's low food intake and antibiotic use for a urinary tract infection. Warfarin therapy was temporarily suspended; 2 weeks afterwards, plasma PC and PS activities were 40% (reference range, 64-146%) and <10% (reference range, 56-126%), respectively ( Table 1) . A PC or PS de ciency was suspected, and she was administered unfractionated heparin without warfarin. Decreased plasma levels of both total PS (52%; reference range, 65-135%) and free PS (25%; reference range, 60-150%) antigens were noted after 4 weeks of warfarin cessation and vitamin K supplementation, along with normal levels of other vitamin K-dependent coagulation proteins (factors II, VII, IX, X, and PC) ( Table 1) . Five weeks after warfarin cessation, decreased levels of total PS (54%) and free PS (30%) were maintained (Table 1) . Anticardiolipin antibodies and lupus anticoagulant tests yielded negative results. e patient's 2 daughters, aged 66 and 54 years, also showed decreased levels of total PS (62% and 53%, resp.) and free PS (29% and 25%, resp.) antigens; furthermore, the patient's older sister had a history of refractory VTE (Table 1) . Repeated VTE observed in the patient was diagnosed as quantitative hereditary PS de ciency. Intravenous administration of unfractionated heparin was continued for 7 weeks with a small amount of a diuretic (spironolactone 25 mg/day) and 10 mg/day prednisolone for chronic glomerulonephritis with proteinuria, upon which the leg swelling completely resolved and renal function was slightly improved (Cre: 1.0 mg/dL). As her past clinical course suggested the ine ectiveness of warfarin, rivaroxaban was administered as maintenance therapy (15 mg/day, which is the approved dose in Japan for long-term treatment and prevention of VTE) for 8 weeks.
e patient was followed during 8 weeks of treatment; her condition improved without any major side e ects. While her leg swelling and venous ulcerations were not completely cured, the reduction in their severity compared to that under warfarin therapy was notable (Figure 1 ).
Discussion
is patient's course revealed 3 important clinical ndings. First, the DOAC rivaroxaban was e ective for the treatment of warfarin-refractory chronic VTE associated with hereditary PS de ciency. Warfarin is commonly used for the longterm treatment and prevention of VTE associated with PS de ciency. However, warfarin decreases the body's production of the natural anticoagulant PS owing to its vitamin K dependency. Additionally, thrombosis may worsen in some patients with PS de ciency, as also occurs in cases of warfarin-induced skin necrosis [5] . As rivaroxaban does not decrease the production of PS, it can be more e ective in cases of PS de ciency [6] . In fact, rivaroxaban did not decrease the levels of total and free PS antigen at 2 and 3 weeks of administration in our patient. Rivaroxaban had comparable e cacy and better safety when compared to warfarin in the treatment and prevention of VTE in phase 3 trial [7] . However, as patients with inherited thrombophilia presenting with VTE were not distinguished in the trials, data regarding the e cacy of DOACs for PS de ciency are limited. Additionally, the e cacy of DOACs for inherited thrombophilia is not clear and their use remains controversial [8] , although some reports of positive e cacy have been published [9] . Our patient provides an important example regarding the e cacy of rivaroxaban. Second, VTE due to PS de ciency in our patient was refractory to warfarin therapy; however, as mentioned above, warfarin may not be the best anticoagulant for patients with PS de ciency.
e patient showed decreased PC and PS activities even 2 weeks after warfarin cessation. Decreased levels of PC and PS activities as a result of vitamin K suppression by warfarin might have contributed to hypercoagulation in the patient. Several incidents of ine ective treatment or detrimental e ects with warfarin have been reported in patients with PS de ciency [10] [11] [12] . Moreover, it is often di cult to achieve and maintain the target PT-INR using warfarin, especially in the elderly, because of its variable response, higher sensitivity, association with comorbidities, and interactions with concomitant medications. erefore, when using warfarin in the elderly, lower doses and more intensive monitoring are required [13, 14] . As DOACs do not decrease PS and PC and have fewer drug-drug, drug-food, and drug-disease interactions compared to warfarin, they might have a therapeutic advantage over warfarin for the treatment of patients with PS or PC de ciency [4, 6, 8] .
ird, our patient had familial quantitative heterozygous PS de ciency that produced a mild phenotype. is highlights the existence of a mild form of PS de ciency that may not manifest with a thrombotic event until a well-advanced age. Neither of the patient's two daughters who had decreased levels of total and free PS antigens, the older of whom was 66 years, had developed thrombotic events. It is previously reported that 50% of patients with heterozygous PS de ciency develop VTE by the age of 55 years [3] . In contrast, only 38% of relatives of patients with PS de ciency who do not exhibit additional thrombotic de ciencies or defects (such as factor V Leiden, prothrombin G20210A, or hyperhomocysteinemia) develop VTE by the age of 65 years [1] . Even in hereditary thrombophilia, it is thought that VTE does not develop solely because of genetic risk factors. As such, our patient's VTE may have partially been attributed to additional acquired environmental risk factors or to old age, CKD, and proteinuria.
In the Japanese population, the most prevalent genetic risk factor for VTE is identi ed as qualitative PS de ciency caused by the K196E mutation within the PROS1 gene (PS Tokushima) [2, 15] ; approximately 1 in 58 Japanese individuals is a heterozygous carrier (1.72%). Despite the high prevalence of PS Tokushima among Japanese individuals, our patient's family likely harbors other genetic mutations that manifest as quantitative PS de ciency [16] . We did not perform genetic analysis on our patient, as the technique was not readily available. An enzyme-linked immunosorbent assay (ELISA) system using the PS K196E mutation-speci c antibody is now being developed for rapid identi cation of PS Tokushima carriers and will be available in the near future [17] .
e e cacy and safety of DOACs in patients who are elderly, have renal impairment, or have low body weight are important to note, as all the DOACs are dependent on renal clearance to varying extents [18] . ese patient subgroups have elevated risks of both embolic and bleeding events. Even in these subgroups, anticoagulant therapy has antithrombotic bene ts that outweigh the risk of bleeding [13] . In so far as using rivaroxaban for VTE treatment, pooled and subgroup analyses of the phase III EINSTEIN DVT [7] and EINSTEIN PE [19] studies were conducted. In the pooled analysis, similar e cacy (hazard ratio (HR): 0.68), a signi cantly lower rate of major bleeding (HR: 0.27), and a signi cantly more favorable net clinical bene t (HR: 0.51) were reported in fragile patients who were over 75 years, or creatinine clearances (CrCl) < 50 mL/min or body weights < 50 kg [20] . In the prespeci ed subgroup analysis, although both VTE recurrence and major bleeding events increased according to the severity of renal impairment following enoxaparin/vitamin K antagonist (VKA) treatment, only increased VTE recurrence with similar e cacy to enoxaparin/VKA was observed using rivaroxaban treatment. However, major bleeding was not increased by renal impairment and occurred less frequently compared with enoxaparin/VKA (HR: 0.79 in patients with CrCl > 80 mL/min; HR: 0.44 in those with CrCl 50-79 mL/min; and HR: 0.25 in those with CrCl 30-49 mL/min) [21] . Of note, patients with severe renal impairment (CrCl < 30 mL/min) were excluded from these 2 studies. Furthermore, noninferior e cacy and a lower incidence of primary adverse events were shown when using both apixaban and edoxaban compared to warfarin in the elderly [13, 22] . Our patient was 91 years old with a CrCl of 30 mL/min and a low body weight of 35 kg. Among the 3 DOACs (rivaroxaban, apixaban, and edoxaban) currently available to treat VTE in Japan, we chose rivaroxaban because it better assured compliance among the elderly as it is administered once daily (compared to apixaban which is administered twice daily) and has a relatively smaller fraction of renal clearance as an unchanged drug (36%) than edoxaban (50%). Plasma rivaroxaban concentration-time pro les for patients of extremely old age (90 years), renal function (CrCl: ∼30 mL/min), and body weight (∼45 kg) were simulated using pharmacokinetic data collected from the 2 phase II studies of rivaroxaban for the treatment of acute deep vein thrombosis.
e C max values in all simulations were within the 5th to 95th percentile ranges of the population's mean values, showing that age and renal function had a moderate in uence on rivaroxaban exposure and that the in uence of body weight was small. us, xed dosing of rivaroxaban was considered feasible for a broad segment of the patient population [23] .
ese predictable pharmacokinetic pro les could be associated with the e cacy and safety of rivaroxaban as shown in the phase III studies, and also in our patient. Owing to the di erent regimens used for VTE treatment in Japan (lowmolecular-weight heparins are not used, and the PT-INR target when administering warfarin is 1.5-2.5), Japanese patients were not enrolled in the global EINSTEIN DVT and PE trials. Instead, the domestic J-EINSTEIN DVT and PE programs were performed and, as with the 2 global trials, showed similar e cacy and safety with rivaroxaban [24] . In Japan, the approved dose of rivaroxaban for VTE is 15 mg twice daily for 3 weeks followed by 15 mg once daily. Anticoagulation therapy requires long-term administration for patients with inherited thrombophilia. Rivaroxaban therapy was also demonstrated to be safe when administered for as long as 1 year in the EINSTEIN EXTENSION [7] and EINSTEIN CHOICE [25] studies. Overall, data for elderly patients, those with renal impairment, those with low body weight, and the e ect of extended-term treatment remain scarce; hence, additional research is required in the real-world setting.
In conclusion, our patient demonstrated the e cacy of rivaroxaban for warfarin-refractory chronic VTE associated with hereditary PS de ciency. DOACs may therefore be therapeutic alternatives for warfarin-refractory VTE in PSde cient patients. Further investigations are required to con rm the e cacy of rivaroxaban on the long term in this patient population.
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